Letters to the Editor

INFARCT MEASUREMENT METHODOLOGY
To the Editor:
In consecutive articles, Zhang and Iadecola (1993) and Yamamoto et al. (1993) described reduc tion in brain infarct size in a rat middle cerebral artery occlusion stroke model by electrical stimula tion of the fastigial nucleus. We wish to note a po tentially serious oversight in the methods used to measure infarct size in these studies. In both stud ies, infarct size was calculated by computer assisted measurement of the area of decreased thio nin staining in sequential brain sections. While this approach is straightforward, it suffers from the fact that no correction is made for edematous expansion of the infarcted tissue. This necessarily leaves open the possibility that the apparent reduction in infarct size observed after fastigial nucleus stimulation was instead due to a reduction in edema, with less (or no) actual reduction in cell death. This issue is also relevant to other studies that use infarct size as an endpoint, because many other interventions, such as hypothermia and ion channel blockers, poten tially affect endothelial permeability or cell swelling and thereby alter infarct edema. The issue would seem particularly germane to studies of. fastigial nu cleus stimulation because this intervention is known to alter vascular tone.
The magnitude of the edematous expansion of in farcted tissue is not trivial. Edema in the rat middle cerebral artery stroke model typically accounts for 20-30% of the total apparent infarct volume and for a considerably greater fraction in individual sec tions (Brint et aI. , 1988 : Swanson et aI. , 1990 Lin et aI. , 1993) . With interventions that reduce the appar ent infarct size by of "",50%, even small changes in edematous expansion of the infarct can bias results.
This problem can easily be rectified by minor changes in staining and calculation of infarct size. As previously discussed (Swanson et aI., 1990) , the effect of edema on measurement of brain infarct size can be minimized by (a) measuring and com paring the uninfarcted areas of control and ischemic hemispheres, and (b) comparing gray matter struc tures only, since periinfarct edema is restricted pri marily to white matter (Klatzo et aI. , 1958) . This method has been compared with others and found to be superior (Lin et aI. , 1993) . Alternatively, edema can be measured directly by comparison of hemispheric wet and dry weights (Lin et aI. , 1993), or the animals' survival time can be extended to 697 allow resolution of edema (Persson et al. , 1989) . Regardless of the method used, we emphasize that failure to account for the effects of experimental interventions on infarct edema can lead to false positive results in studies using infarct size as the endpoint.
Raymond A. Swanson
Frank R. Sharp Drs. Swanson and Sharp raise the concern that the reduction in infarct volume evoked by stimula tion of the cerebellar fastigial nucleus (FN) could be a consequence of a reduction in tissue edema rather than of a decrease in the volume of tissue undergo ing ischemic cell death. To address this issue, we re-analyzed our data to correct for possible con founding effects of tissue swelling, using methods suggested by Drs. Swanson and Sharp. Volumes of neocortex in the lesioned and contralateral hemi sphere were measured using an image-analysis sys tem (see Zhang and Iadecola, 1993) . The analysis was restricted to brain sections showing infarction. The cortical infarct volume was corrected for edema according to the procedures of Brint et al. (1988) , Swanson et al. (1990), and Lin et al. (1993) .
